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FIGURES

1. Plot showing the pH of stream and spring water samples and the associated rock
alteration assemblage that largely influences water chemistry. Open diamond indicates 
the median pH value. Alteration assemblages defined on plate 5.

2. Plot showing the conductivity of stream and spring water samples and the associated rock 
alteration assemblage that largely influences water chemistry. Open diamond indicates 
the geometric mean. Alteration assemblages defined on plate 5.

3. Plot showing total iron analyses of stream and spring water samples and the associated 
rock alteration assemblage that largely influences water chemistry. Open diamond 
indicates the geometric mean. Alteration assemblages defined on plate 5.

4. Plot showing aluminum analyses of stream and spring water samples and the associated 
rock alteration assemblage that largely influences water chemistry. Open diamond 
indicates the geometric mean. Alteration assemblages defined on plate 5.

5. Plot showing sulfate analyses of stream and spring water samples and the associated rock 
alteration assemblage that largely influences water chemistry. Open diamond indicates 
the geometric mean. Alteration assemblages defined on plate 5.

6. Plot showing total of base metals (Zn+Cu+Cd+Ni+Co+Pb in ppm; Ficklin metals) from 
stream and spring water samples and the alteration assemblage that largely influences 
water chemistry. Open diamond indicates the geometric mean. Open diamond

7. Ficklin plot showing variations in aqueous base metals concentrations 
(Zn+Cu+Cd+Ni+Co+Pb) for waters within the study area.
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INTRODUCTION

The geology of altered and mineralized areas in the vicinity of the Summitville Mine, in 
the southwest San Juan Mountains, Colorado, have been studied to understand contributions of 
individual drainages to downstream acid and metal contamination in the Alamosa River. Studies 
in these largely unmined and essentially anthropomorhically undisturbed areas also offer a unique 
opportunity to understand the interrelationship between specific rock and alteration types and the 
local stream and spring geochemistry. As implied by the creek names, water in the Iron, Alum, 
and Bitter Creek (IABC) study area can be highly degraded (pH <2 and conductivity > 2,000) and 
drains from intensely altered and highly pyritized basins.

Field work for this study was conducted mainly during July and August of 1994; 
however, some geologic mapping was undertaken during the summer and fall of 1993. 
Published reports on the study area include: Bove, 1994; Bove and others 1995; Calkin, 1967; 
Kirkham and others, 1995; Lipman, 1974; Miller and McHugh, 1994; and Barry, in press.

The purpose of this report is to present data with related methodologies from our ongoing 
study in the following tables (table 1-4), maps (Plates 1-10), and figures (figs. 1-6), and to briefly 
summarize the relationship between geology, alteration and water geochemistry as discerned by 
this data.

METHODOLOGY

Rock sample geochemical data by various analytical methods are presented in tables 1 
and 2. Seventy-two samples were analyzed for 10 major elements, 6 trace elements, H2O+ and 
H2O", and CO2 (table 1); sulfur determinations were made on 15 of these samples (table 1). 
Major elements were analyzed by wavelength-dispersive X-ray fluorescence (Taggart and others, 
1987). Trace elements (Rb, Sr, Zr, Y, Nb, and Ba) were determined by energy dispersive X-ray 
fluoresence (Johnson and King, 1987). Total H2O was calculated by combustion at 950 °C with 
Karl Fisher titration (Jackson and others, 1987) of H2O; H2O"(moisture) was determined by the 
sample procedure at 110°C and H2O+ was determined by difference (Jackson and others, 1987). 
Total S was analyzed for using a Leco SRI32 automated sulfur analyser. In addition, 113 rock 
samples were analyzed utilizing 40-element inductively coupled plasma-atomic emission 
spectrometry (ICP-AES; Lichte and others, 1987)(table 2). Rock sample site locations are shown 
on Plate 2.

Rock geochemical data for over 1,900 samples collected in the study area by Inspiration 
Development Company during the late 1970's is presented on Plate 8. Samples were analyzed by 
emission spectrometry in Inspiration Development S afford Talco Laboratory in 1979. Data from 
this study was generously provided by W.S. Calkin, who has spent many years studying the 
geology and mineralization of the area.

Due to the difficulty of accurately identifying alteration mineral assemblages in the field, 
242 whole rock samples were analyzed by X-ray diffraction (XRD) utilizing a Phillips APD- 
3600 diffractometer equipped with MDI Inc. JADE software. Coded alteration assemblage 
information for individual rock samples is shown on Plate 3. The term "sericite" as used in this 
study is defined as a fine-grained (typically < 10 microns), highly birefringent micaceous



mineral. A review of mineralogical work and XRD data on sericite polytypes can be found in 
Brindley (1980) and Srodon and Eberl (1984).

A total of 60 water samples (Plate 4) were collected during August 9-31, 1995, including 
30 spring samples, 28 stream samples, and 2 adit samples; more detailed methodology is 
described by Barry (Auburn University, Alabama, masters thesis, in press). Spring samples were 
taken at the uppermost extent of the tributary where seepage first appears. Stream samples were 
collected as close to the center of the primary flow as possible, and adit samples were taken as 
near as possible to the primary emanation. Water samples were collected in polyethylene bottles 
that were previously rinsed in 10 percent HCL. Six bottles of sample water were collected at 
each site. These included 1) a 500-mL raw unacidified sample, 2) and 3) two acidified 125-mL 
samples of raw and filtered water, 4) a 60-mL filtered and acidified sample for Fe+2 analysis,5) a 
60-mL filtered and unacidified sample, and 6) a 60-mL H-O isotope sample (neither filtered or 
acidified). Filtered samples passed through a 0.45 /zm filter, and acidified samples had __acid 
added to pH < 2.

At each site, pH, temperature, conductivity, and dissolved oxygen were measured and 
recorded. At the beginning of each day, the pH meter (Orion model 230A) and the conductivity 
pen (Oakton TDS TESTR with ATC) were calibrated; they were also checked and calibrated (if 
necessary) at each sample site with known solutions. Water temperature was measured by a 
standard conventional thermometer, and dissolved oxygen content was determined 
colorometrically.

Anions were determined on the raw unacidified samples using an ion chromatograph 
(Fishman and Pyen, 1979) and Fe+2 analysis was conducted using a Hach DR/2000 
spectrophometer. Major, minor, and trace elements were determined according to standard 
methods of the USGS utilizing inductively coupled plasma-atomic emission spectrometry (ICP- 
AES; Lichte and others, 1987) and inductively coupled plasma-mass spectrometry (ICP-MS).

Total aqueous metal load values as shown in Plates 9 and 10 is a method of measuring the 
cumulative effects of metals on streams. Load is the total metal concentration times the stream 
flow. To be truly quantitative, the stream chemistry samples and streamflow measurements 
should be taken simultaneously. However, stream flow rates for this study were based on 
estimated measurements by Robert Kirkham (unpublished data) of the Colorado State Geological 
Survey during field studies from late July to late August 1993; unfortunately, estimates made 
during the sampling period in 1994 have been determined to be unreliable. Careful comparison 
of the rainfall for the years 1993 and 1994 indicates that the flow rates were likely to be similar 
during both years. Consequently, metal loading values from this study are not rigorously 
comparable as the stream flow was measured the previous year (1993), and the values should be 
used in relative, not absolute, terms. Even with the uncertainty of streamflow values, the loads 
very nearly matched 1993 metal loading values along the Alamosa calculated by Walton-Day and 
others, 1995.

DISCUSSION OF MAP PLATES 4-10

Several maps have been created to depict the interrelationship between specific alteration 
assemblages and the local water chemistry. Plate 4 shows water sample site locations and



differentiates between stream, spring, or adit samples. Plate 5 includes the pH and specific 
conductance data from this study superimposed upon the alteration map of the IABC basins. 
Figures 1 and 2 and table 4 show the relationship between specific alteration assemblages and 
water pH and conductivity.

Water analyzed from the Alum Creek area, which marks one of the main centers of 
alteration (quaitz-sericite-pyrite) and mineralization within the IABC basins, is by far the most 
degraded within the study area, with pH values commonly less than 2.5 and conductivity as high 
as 2,000 to 10,000 microsiemens per centimenter (/^s/cm). The extensive zone of quaitz-sericite- 
pyrite (QSP) altered rock in Alum Creek and the associated stockwork veining and sparse 
molybdenite mineralization is related to an extremely weak molybdenum-copper porphyry 
system at depth.

Iron Creek at its headwaters appears to be a relatively healthy stream and is known to be a 
habitat for trout. The first significant influx of degraded water originates from a tributary 
draining altered and pyritized rock in the saddle between Cropsy and Lookout Mountains. 
Sheepshead delimits the western extent of intensely hydrothermally altered rocks in the study 
area. Just to the east of Sheepshead, a prominently altered basin is drained by a tributary with 
water averaging a pH of about 4.0 and conductivity of about 300 us/cm.

Water quality along Bitter Creek is most adversely affected from relatively acidic water 
draining from the three altered basins on the north side of Bitter Creek, below and flanking 
Elephant Mountain.

Plate 6 shows the relationship between the concentrations of iron, aluminum, and sulfate 
in the waters to the underlying alteration assemblages. Figures 3-5 and table 4 show that the 
QSP, QSP-K, QSP-PX and argillic alteration assemblages (see map legend for explanation of 
units), have the highest concentrations of iron, aluminum, and sulfate. Areas of fresh and 
propylitically altered rock produce waters with the lowest concentration of iron, aluminum, and 
sulfate.

Plate 7 relates the variations in aqueous base metal concentrations (given as the sum of 
base metals Zn, Cu, Cd, Co, Ni, and Pb) as a function of pH (Ficklin plot; Ficklin and others, 
1992) for waters from the study area. As observed on this map, waters plotting in the high-acid 
and high metal field (figure 7) are primarily restricted to Alum Creek area. Fresh and 
propylitically altered rocks yield waters that generally plot in the near-neutral, low-metal fields 
on the Ficklin diagram (figure 7). Figure 6 demonstrates the show the relationship between the 
various alteration assemblages and the sum of the Ficklin base metals.

Plate 8 shows Cu, Pb, and Zn concentrations from over 1,900 rock samples from 
Inspiration Development Company, with thematically shaded aqueous values for Pb, Zn, Cu, and 
pH. Several important observations can be made from this plate: Metals within the study area 
are roughly zoned, with Pb and Zn concentrated marginal to, or around, anomalous zones of Cu. 
This zonation is most readily observed in the Alum Creek area, and in the area southwest of 
South Mountain, the latter denoted by strongly elevated Pb and Zn. The anomalous zone of Pb- 
Zn southwest of South Mountain undoubtedly lies on the margin of a zone of highly elevated Cu 
concentrated just northeast of South Mountain at the Summitville mine site. Second, the highest 
aqueous metal concentrations correlate positively with the lowest pH values. As a result, the 
Alum Creek area, center of a large zone of QSP-altered rock, abundant pyrite, and anomalous



metal concentrations, has the highest aqueous concentrations of Pb, Zn, and Cu and lowest pH 
values in the study area. Conversely, a stream draining weakly altered rock containing elevated 
Pb and Zn concentrations in the area southwest of South Mountain has a relatively high pH and 
low associated metal concentrations.

Plates 9 and 10 depict the metal loading (in milligrams per second (mg/s)) for sulfate, 
aluminum, total iron, copper, zinc, and manganese. To analyze the loads, the area was divided 
into IABC drainage basins (the heavy solid black lines). The first sample, closest to the mouth of 
the creek is arbitrarily assigned the first order. The next samples upstream are second order and 
so forth. Generally, the metals at the highest order are carried on down stream and the effects are 
cumulative. For instance, if two third order streams each carry 30 mg/s then, when those streams 
join, the second order stream would carry at least 60 mg/s. The stream could carry much more 
than 60 mg/s if there was additional degraded water from other sources. Generally, the loads 
increase downstream. If chemical reaction, dilution, or precipitation occur, the load could 
decrease.

Iron Creek has low metal contents in its upper reaches but as the pH drops and there is 
anomalous copper in the rocks, and the metal load increases. Load increases dramatically at the 
third order sample (TMT44) downstream from the copper anomaly even though the stream flow 
is relatively low. A spring at TMT43 contributes a small amount of metals but before the stream 
reaches the Alamosa River (TMT42) some sulfate has been removed from the system and iron 
has increased. As expected, adding the load from Iron Creek to that measured in Alamosa River 
(AR49.5) is somewhat less than the load at AR49.4.

Alum Creek has low streamflow, low metal content, and low loads in its upper reaches 
(fourth order and above). Although there are local high concentrations of metals in the eastern 
most third order sample the flow is so low that the load is negligible. The western third order 
stream however, carries much more volume and shows the effects of the Cu and Zn anomalies. 
Low pH combined with anomalous metal concentrations combine to produce anomalous loads. 
Adding the load of TMT25 to AR49.4 is somewhat less than that at AR48.1. As there has been 
plenty of opportunity for at least four side streams to contribute metals, this is good correlation.

Low flows in upper Bitter Creek limit the load of the streams. Effects of a copper 
anomaly can be seen in third order sample TMT16 and second order sample TMT18. Although 
the concentrations of metals are very high above those sites, the stream flow is relatively low. A 
small amount of metal is picked up the remainder of the way to the mouth of Bitter Creek. 
Again, the contributions from Bitter Creek add to the Alamosa River's load at AR46.9. Very 
little additional metal is added to the Alamosa River before it's confluence with Wightman Fork. 
Wightman Fork adds nearly three times the metal load to the River. Why this is the case isn't 
clear: It may be because mining disturbed the basin, but it may also be due to the naturally 
higher presence of metals in this drainage.
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MODIFIED FIKCLIN PLOT (FICKLIN AND OTHERS, 1992)
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